flow between two coaxial circular cylinders is discussed when the inner cylinder oscillates axially under a radial magnetic field. Exact solution is given for the case of a perfectly conducting fluid. Expressions for velocity, induced magnetic field, current density, electric field, viscous drag and energy transfer are derived and expressed in polar forms so as to facilitate the study of magnitude and phase variations. Current sheets are found to exist on the two boundaries.
INTRODUCTION
Magnetohydrodynamic flow due to an infinite cylinder oscillating axially has been studied by Arora and Gupta [l] . This work is extended here to the flow of a perfectly conducting fluid between two coaxial circular cylinders, when the inner cylinder axially oscillates under a radially applied magnetic field. The corresponding problem of parallel planes, with one of the planes oscillating in its own plane, has been discussed by Arora and Gupta [2] for the case when the dissipative effect of viscosity is negligible in comparison to that of the finite conductivity. The present work forms a generalization of the study of oscillatory viscous flow between coaxial cylinders by Khamrui [3] and Arora and Gupta [4] to the case of perfectly conducting fluids. Unlike Khamrui [3] , there is no radial-injection flow present. The problem approximates to that of the single oscillating cylinder, when the distance separating the two cylinders is made infinite.
Expressions for velocity, induced magnetic field, electric field and current density are obtained. Both the electric field and the current density are found to exist at the oscillating cylinder, whereas, on the fixed cylinder, only the current density has a finite value. Also, the current sheets are observed on the boundaries. Viscous drag experienced by the cylinders and the transfer of energy from the oscillating cylinder to the fluid have been calculated.
Consider the harmonic oscillatory motion of an incompressible, perfectly conducting fluid confined between two coaxial, infinitely long circular cylinders of radii R, and R, (R, > R,). The axis is taken along the z-direction of a cylindrical system (r, +, z). A radial magnetic field, k/r, is impressed across the fluid. The constant k determines the strength of the applied field. Let the axial velocity of the inner cylinder be u = u,, cos wt, which we write as u = us exp(iwt) in order to obtain the solution [I] . us and w are the velocity amplitude and the angular frequency of vibration, respectively. The outer cylinder is held stationary. We wish to study the resulting motion of the fluid.
FLOW EQUATIONS
The equations, in rationalized M.K.S. units, governing the flow of an incompressible, viscous and electrically conducting fluid [5] may be taken as
aB -= curl(v x B) + hV2B, at where v is the fluid velocity, B the magnetic induction, p the permeability, p the matter density, v the kinematic viscosity, h (= I/~(T) the magnetic diffusivity, u the electrical conductivity and p the hydrostatic pressure. In the above equations, displacement current and free charge density have been neglected. The solution of Eqs. (2) and (3) Equation (7) gives the pressure distribution in the radial direction, once the induced magnetic field, b, is obtained from Eqs. (8) and (9). Elimination of b or v from Eqs. (8) and (9) 
I, and K, are nth order modified Bessel functions of first and second kinds, respectively; C, and C, being two arbitrary constants. M is a dimensionless parameter, characteristic of the flow. Inserting this value of v in Eq. (9) and integrating the resulting equation with respect to time, we obtain b(r, t) = -$ eiwt[Clll(r') -C,K,(r')]
for the induced magnetic field. Here, we have taken the constant of integration to be zero, since a constant, independent of time, shall render b aperiodic. Moreover, with the substitution of Eqs. (11) and (13), Eq. (8) is identically satisfied. Using Eqs. (4) and (13) From Eqs. (5) and (ll), the induced electric field E(0, E, 0), for the case h = 0. can be written as
In order to evaluate C, and C, , we subject the velocity expression (11) to the following boundary conditions:
i.e., in contact with the oscillating cylinder, the fluid velocity is same as that of the cylinder and as we move towards the outer cylinder, the velocity approaches zero. 
where 
To express Eqs. 
Hence, at the inner cylinder both the electric field and the current density have nonzero values; whereas, at the outer stationary cylinder the electric field is zero and the current density is finite. From Eq. (44), we find that the surface electric field is directly proportional to the value of applied magnetic field at the oscillating cylinder. Comparing Eqs. (36) and (39), we see that a constant phase difference 'TT exists everywhere between the velocity and the induced electric field. Equation (37) reveals that the induced magnetic field has finite values at r = R, and Y = R, and so there appear current sheets at both the boundaries, irrespective of the nature of the cylinders. Their densities, j,(O, j, , 0), per unit distance, measured tangentially normal to the current [7] , are given by 
GENERAL REMARKS
The results of this problem reduce to those of the case of a single cylinder [l] , when the radius of the outer cylinder is made infinite (R, -+ co). Under the limit k = 0, we arrive at the corresponding results for the viscous hydrodynamic flow [4] .
